1.
The present position of photometry as practically applied to electric lighting is by no means in a satisfactory condition. Mathe matical accuracy in the measurement of the intensity of the light emitted by a given source is unobtainable owing to the numerous disturbing influences of quality and quantity which render impossible any graduated scale of light. An absolute standard of light has not yet been obtained. I have long felt that to meet the case of electric light illumination we must not depend upon any direct comparison between the light, emitted by the source to be measured and any oiven recognised standard of lig h t; but that we should rather make pur standard of comparison an area illuminated to a given intensity whatever be the source of light. We do not want to know so much the intensity of the light emitted by a lamp, as the intensity Sof illumination of the surface of the book we are reading, or of !the paper on which we are writing, or of the walls upon which we hang our pictures, or of the surface of the streets and of the pavements upon which the busy traffic of cities circulates. Illumi nation of this character depends not on one source only, but on many sources of light distributed in innumerable ways. Hence, I propose to measure the illumination of surfaces quite independent of the sources of light by which they are illuminated. The difficulties in comparing the illumination of spaces have hitherto been insur mountable, but now, thanks to the beautiful little glow lamps intro duced by Mr. Swan, these difficulties have disappeared.
The standard I propose is the space illuminated by 1 British standard candle at 12*7 inches distance, which is the same as the illumination given by 1 French standard " bee " on the same space at 1 metre distance.
2. The principle of measurement which guides us in nearly all the methods at present in practical use is to compare two surfaces equally illuminated to the same intensity by lights placed at different dis tances, and to compare them by the law of inverse squares determined by Kepler. This law, however, assumes a clear space through which the light is transmitted, and the emission of this light from a point. Distance therefore becomes essential, and the error introduced by large flames or by the diffusion of light becomes difficult to eliminate; indeed, by the present system it is well-nigh impossible to measure satisfactorily the light-giving power of several lamps distributed over a room or large area. Moreover, the principle ignores the presence of different colours, and it involves the necessity, with electric arc lamps, of taking measurements at different angles.
Up to the present time, the simplest and perhaps the most favourite mode of measurement is Rumford's plan of contrasting shadows, but Bouguer's method of comparing equally illuminated surfaces, as carried out by Ritchie and' Bunsen, is also in great favour.
3. All these plans, however, are dependent upon the establishment of a uniform standard of light. Although in England, Parliament has legalised the standard candle, it has been found so inconvenient in practice, owing to its want of uniformity, that Mr. Vernon Harcourt has felt it advisable to replace the standard spermaceti candle with a flame resulting from the combustion of pentane. In France, again, the standard is the Carcel bee, burning at the rate of 0*0042 kilo, of pure colza oil per hour, with a flame of 40 millims.; while Draper (1847), Zollner (1859), and Schwendler (1879) proposed a giver length or surface of platinum raised to incandescence by a current of electricity as a useful standard. At the Congress held in Paris Iasi year it was suggested that a convenient standard would be the lighi emitted by a square centimetre of incandescent platinum maintained a t its fusing point, but up to the present moment no one seems to have devised what really may be called an absolute standard of white light. The question is now being considered by a Committee of the British Association. If it were possible to find a convenient, simple, fixed, and uniform material which, having a resistance of 1 ohm could be raised to incandescence by 1 ampere flowing through it, we should have a convenient standard, but this has not yet been obtained.
. As I have said, the standard of comparison I propose is a uniformly illuminated surface. I thought at one time that we might have made use of sunlight for this purpose, but I find that sunlight and moonlight are even more variable than the light produced by artificial means, and, after innumerable trials, I have come to the conclusion that the standard which I have proposed is one very easily obtained, and though not absolutely fixed, can be made as nearly uniform and reproducible as any standard hitherto suggested. It is true that it is of a secondary character, and dependent primarily upon a recognised standard source of light; but this primary standard remains in the laboratory, while the measurement can be made in the streets, on board ship, or wherever the surface of illumination may be.
4.
Having thus fixed upon a standard of illumination it becam desirable to devise an instrument that would enable us to compare areas differently illuminated. For this purpose I make use of a small Swan glow lamp giving 2 | candle power with the current produced by 5 volts. The construction of the photometer is shown by figs. 1 and 2. The lamp (L) is fixed nside a cylinder or box (B) blackened in tbe interior, over tbe end of ivhicb is stretched a diaphragm of drawing paper (P) ; the latter has i round grease spot in the centre about the size of a shilling, as in 3unsen's photometer. At about 12 inches distant from the end of ihe tube a screen (D) of white drawing paper is fixed. The dia-F ia. 2.
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273 phragm (P) is so screened by a sliding coyer that no light falls upon it but that which is reflected from the drawing paper (D). At the end of the tube where the glow lamp L is set is an eyepiece, through which the illuminated surface of the diaphragm at the end of the tube can be observed. Beneath the base of the instrument is fixed a secondary battery (e, fig. 2 ) which enables us to transmit a current of any desired strength through the glow lamp (L). A rheostat (R) is fixed in circuit with this battery, and enables the current to be adjusted at w ill; the strength of the latter is read on a graduate electrodynamometer, or upon a galvanometer. For laboratory purposes a more accurate mode of measuring tt intensity of the current is the following :*-G is a galvanometer wound with two coils, one (s) consisting of short length of thick wire, and the other (r) of a long length of thi wire. In circuit with the latter coil is a resistance, p, and a standar battery E.
The relative deflective values of the coils s and r for similar current being as 1 to n, then when balance is obtained on the galvanometer the current C flowing through the coil s will ben wE v -"r~» fiy r-\-p r being the resistance of the galvanometer coil and battery, and E tfo E.M.F. of the battery E. Thus if the relative deflective values of the coils s and r are as 1 tc 473, that is, if n-473, then if E consist, say, of a battery, and the resistance (r) of the galvanometer coil and batter, be 800 ohms, the current C, when balance is obtained by adjustmenl of p, will bec _ 473x5xP07_ 2530 800 p 800 ~hp
Practically with this arrangement a change of -roVo^1 aB ampere in the current through the coil s can easily be detected, and currents can be read to three places of decimals.
To work the instrument it is only necessary to place the screen (D) in the place whose illumination is to be determined,.and then by means of the rheostat (Tt) to lower or increase the current passing through the lamp until the grease spot, when viewed through th# eyepiece, becomes invisible, then the light reflected on the diaphragm and transmitted through the grease spot by the distant surface of drawing paper will be equal to the light thrown upon the opposit# side of the diaphragm by the glow lamp. The current producing the light thus becomes a measure of the illumination of the screen.
The following measurements were made to determine the current that gave various degrees of illumination-the source of light being a standard candle. j from these experiments it appears that the illuminating power of she glow lamp increases in the ratio of the sixth power of the current.
Hence it is only necessary to read the current that gives the necessary equivalent to determine the degree of illumination. I The current in amperes thus gives, for the particular glow lamp employed, a number whose sixth power expresses the amount of the illumination measured. . The apparatus works with ease and regularity, but it has this difficulty-that it is dependent upon the constancy of the lamp, a
point not yet absolutely attained. The glass envelope of the lamp becomes deadened by use; the carbon fibre of the lamp gradually I becomes deteriorated; and the vacuum sometimes fails. These operations, however, are very slow ones, and it is only necessary occasionally to compare either the light given by unit current with that in the laboratory thrown upon a surface by a standard candle or by one of Mr. Yernon Harcourt's pentane lamps. It is, however, certain from numerous experiments and practical trials that the light produced by the incandescence of a given carbon filament due to the passage of a given current is more easily repro duced from one time to another, and is more uniform than probably i any other artificial standard of light.
